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Abstract This paper deals with the correlation between phylogeny, chemical constituents 
and pharmaceutical effectiveness of the Berberidaceae (5.1.), i.e. a pharmacophylogenetic 
study of the family. Our results support the circumscription of the family recently proposed by 
Wu Z-Y et al, who considered that the Berberidaceae (s.l) should be treated as four 
independent families: Nandinaceae, Berberidaceae (s.s.), Podophyllaceae and Leonticaceae. 
Phytochemically the monotypic family Nandinaceae is characterized by containing a rich 
spectrum of benzylisoquinoline types of alkaloids, such as berberine, palmatine, jatrorrhi- 
zine, coptisine, magnoflorine, domesticine, nandinine and protopine. The existence of the 
cyanogenic compound nandinin, biflavonoid amentoflavone and benzaldehyde-4-O-glucoside 
in this family indicates its relatively distant relation with the other three families. Nandina 
indica, the only species of the Nandinaceae, has been ethnopharmacologically mainly used as 
medicines for clearing heat and counteracting toxins, or as antitussive. The Berberidaceae 
(s.s.), which consist of Berberis L. and Mahonia Nutt., contain mainly benzylisoquinoline 
alkaloids, e.g., berberine, palmatine, jatrorrhizine, columbamine, magnoflorine, particularly a 
higher content of biisobenzylquinoline alkaloids represented by berbamine and oxyacanthine. 
Ethnopharmacologically the plants in this family have been mainly used as medicines for 
clearing heat and counteracting toxins. In addition, plants in both Berberis and Mahonia have 
long been used as the main sources of the drugs berberine and berbamine. The 
Podophyllaceae can be divided into two tribes. The tribe Podophylleae, consisting of 
Podophyllum L. (including Sinopodophyllum Ying and Dysosma Woodson) and Diphylleia 
Michx., contains extensively various podophyllotoxin lignans, and the plants in this tribe have 
been used as the most important source for the manufacture of the anticancer drugs, 1.e., 
podophyllotoxin’s derivatives. Ethnopharmacologically, the plants have been mainly used as 
medicines for activating blood, revolving stasis, relieving swelling, removing toxin, and clearing 
heat. The tribe Epimedieae, consisting of Epimedium L., Vancouveria C. Morr. & Decne, Achlys 
DC., Jeffersonia Barton (Plagiorhegma Maxim.) and Ranzania T. Ito, has diversified chemical 
constituents. Both Epimedium and Vancouveria contain predominately bioactive icariin 
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flavonoids, the characteristic chemical constituents of this group. Ethnopharmacologically the 
plants in Epimedium have been used as a male sexual tonic, and as medicines for dispelling 
wind and removing dampness. The phytochemistry of the remaining three genera Achlys, 
Jeffersonia and Ranzania has not been yet thoroughly investigated. Jeffersonia dubia has been 
used for the treatment of dysentery and eye pain caused by inflammation in the Korean minority 
nationality of northeast China. The Leonticaceae, including Gymnospermium Spach, Leontice 
L., Caulophyllum Michx and Bongardia C. A. Mey., phytochemically contain mainly B-amyrin 
triterpenoids and quinolizidine alkaloids, and have been used as medicines for activating blood, 
revolving stasis, dispelling wind and removing dampness. 

Key words  Berberidaceae, pharmacophylogenetic study, chemotaxonomy, phylogenetic 
relationship. 
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Table1 Different classification systems of the Berberidaceae 
Airy Shaw Terabayashi Meacham Loconte П 
(1973) (1985а, b) (1980) (1989, 1993) Wu et al. (2003) 
Nandinaceae Nandinoideae Nandinaceae Nandinoideae Nandinaceae 
Nandina Thunb. Nandina Nandina Nandina Nandina 
Berberidaceae Berberidoideae Berberidaceae Berberidoideae Leonticaceae 
Mahonia Nutt. Berberideae Leonticeae Caulophyllum 
Berberis L. Mahonia Mahonia Caulophyllum Gymnospermium 
Epimedium L. Berberis Berberis Leontice Leontice 
Vancouveria C. Morr. & Ranzanieae Ranzania Gymnospermium 
Decne. 
Ranzania Berberideae Berberidaceae 
Leonticaceae Epimedieae Caulophyllum Berberidineae Ranzania 
Caulophyllum Michx. Epimediinae Leontice Mahonia Mahonia 
Leontice L. Epimedium Gymnospermium Berberis Berberis 
Gymnospermium Spach Vancouveria Bongardia Ranzania Podophyllaceae 
Bongardia C. A. Mey. Jeffersonia Epimediineae Epimedioideae 
Plagiorhegma Epimedium Epimedium Epimedieae 
Podophyllaceae Achlys Vancouveria Vancouveria Epimedium 
Ranzania T. Ito Leonticinae Jeffersonia Jeffersonia Vancouveria 
Jeffersonia Barton Caulophyllum Plagiorhegma Plagiorhegma Plagiorhegma 
Plagiorhegma Maxim. Leontice Achlys Achlys Achlydeae 
Achlys DC. Gymnospermium Bongardia Achlys 
Podophyllum L. Bongardia Podophyllum Bongardieae 
Dysosma Woodson Podophylleae Dysosma Bongardia 
Diphylleia Michx. Podophyllum Podophyllum Sinopodophyllum Podophylloideae 
Ying 
Dysosma Dysosma Diphylleia Diphylleia 
Diphylleia Diphylleia Podophyllum 
Dysosma 
Sinopodophyllum 
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Fig.1. Major isobenzylquinoline alkaloids and cyanogenic glycosides in Berberidaceae. 
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Fig.2. Major types of podophyllotoxin lignans of berberidaceous plants. 
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Table2 Distribution in plants of the major podophyllotoxin lignans 










































































































































































































































































0 00 
Genus Species Lignans Reference 
Podophyllum P. aurantiocaule Hand.-Mazz. ssp. Іа, Ic Shang et al., 2000a 
phy р 5 
(0 0 Dysosma Jurfuraceum (S. Y. Bao) J. M. H. Shaw 
Sinopodophyllum) [] P. versipelle Hance Ic Yao & Wang, 1999 
Ta, Ib, II Yuetal., 1991 
[] P. delavayi Franch. Ia Jiang & Chen, 1989 
(P. veitchii Hemsl. & Wils.) 
[] [] P. majoense Gagnep. Ta, Ib, II Yin et al., 1990 
[] P. hexandrum Royle Ia, Ic, II, IV, V Shibata et al., 1962; Shang et 
al, 2000b; Purohit et al., 
1999 
[] P. pleianthum Hance Ia, Ib, Ic, II Yin & Chen, 1989 
[] [] P. aurantiocaule Ta, Ib, Ic, II Liao et al., 2002 
Hand.-Mazz. (P. tsayuensis Ying) 
000 Diphylleia [] [] D. sinensis Li Ia, Ib, Ic, П Ma et al., 1993 
[] D. cymosa Michx., D. grayi F. Та Broomhead et al., 1990 
Schmidt 
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Fig.3. Major B-amyrin triterpene saponins in Berberidaceae. 
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Table 3 Major B-amyrin triterpene saponins and their distributions in Berberidaceae. 




































































































































































































































































E Aglycone Species dd 
[] ПА, C, D, F, G I Caulophyllum thalictroides (L.) Michx. Jhoo et al., 2001 
cauloside A, C, D, F, G 
0000 Û B cauloside B H C. robustum Maxim. Berezhevskaya & Glebko, 1983 
00000 Ecauloside E HI Vykhrestyuk et al., 1992 
leontoside D I 
hederacoside A I Bongardia chrysogonum (L.) Boiss. Atta et al., 2000 
Saponin-I, П, Ш І 
[] [] A leonticin A I 
[] [] B leonticin B IV 
[] [] C leonticin C HI 
[] [] E leonticin E IV Gymnospermium kiangnanensis (P. L. Chen et al., 1996 
Chiu) Loconte 

[] [] F leonticin F I 
[] [] G leonticin G IV 
[] [] H leonticin H HI 
[] [] D leonticin D II G. kiangnanensis Chen et al., 1997 

C. thalictroides Jhoo et al., 2001 

C. robustum Berezhevskaya & Glebko, 1983; 


Vykhrestyuk et al., 1992 
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Fig.4. Major types of quinolizidine alkaloids in Leontice. 
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Table4 Distributions of quinolizidine alkaloids in Leontice and Gymnospermium 
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Туре Compound Species Reference 
I leotiformidine, leotiformine Leontice leontopetalum L. Abu Safieh et al., 1986 
П П leotidine, сатоепѕіпе Gymnospermium kiangnanensis Liao et al., 200 
L. leontopetalum Gresser et al., 1993 


L. leontopetalum ssp. 
ewersmannii (Bunge) Coode 


































































































HI D matrine, tetrahydrorhombifoline L. leontopetalum Gresser et al., 1993 
Leontine, sophoridine L. leontopetalum ssp. 
ewersmannii 
5a-hydroxysophorcarpine Gymnospermium kiangnanensis Liao et al., 2001 
darvasine, darvasamine, d-sophoridine G. alberti (Regel.) Takht. Kurbanov et al., 1982 
IV П lupanine, [| 0 isolupanine, L. leontopetalum Gresser et al., 1993; 
3a-hydroxylupanine, 3B-hydroxylupanine Al-Tel et al., 1991 
13a-hydroxylupanine, 13o-acetoxylupanine L. leontopetalum SSp. Gresser et al., 1993 
ewersmannii 
didehydrolupanine, oxolupanine, Gymnospermium kiangnanenssis Liao et al., 2001 
G. alberti Iskandarov et al., 1967 
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Fig.5. Major chemical constituents in Bongardia plants. 
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Table 5 Major icariin flavonoids in Epimedium and Vancouveria 
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[] Compound П Ri П R; R; 

[] [] icariin glu rha Me Mizuno et al., 1991 

[] [] A hexandraside A glul gala (13) rha Me Mizuno et al., 1990a 

[] [] B hexandraside B glu 6-O-acetyl-gala (13) rha Me Mizuno et al., 1990a 

[] [] C hexandraside C glul (122) glu xyl (123) rha H Mizuno et al., 1991 

[] [] D hexandraside D glu rha (13) rha Me Mizuno et al., 1991 

[] [] E hexandraside E glu glu H Mizuno et al., 1992a 

[] [] F hexandraside F glu glu (133) rha Me Mizuno et al., 1992a 

П А epimedin A glu glu (12) rha Me Mizuno et al., 1992a 

О В epimedin B glu xyl (12) rha Me Mizuno et al., 1991 

О С epimedin C glu rha (12) rha Me Yamamoto et al., 1993 
[] FikarisoideF Н glu (12) rha H Mizuno et al., 1992a 
[] AepimedosideA рш rha H Mizuno et al., 1991 

[] E epimedoside E glu ху! (12) rha H Mizuno et al., 1991 

[] CikarisosideC glu glu (12) rha H Yamamoto et al., 1993 
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Fig. 6. Other chemical constituents іп Epimedium and Vancouveria. 
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Fig. 7. Isocoumarins from Achlys. 
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7 ПГ 
08 7 dd е аа (s.l.) revealed from phytochemical characters 
1 2 3 4 5 6 7 8 
П Nandinaceae [] [] Nandina ++ + 
П Berberidaceae [] Berberis + 
[] Mahonia + 
П Podophyllaceae 
tribe Podophylleae [] Podophyllum( 000 + 
Sinopodophyllum, П Dysosma) 
[] [] Diphylleia ++ 
tribe Epimedieae [] [] Epimedium + + + 
[] [] Vancouveria + + 
[] [] Achlys + 
[] [] Jeffersonia(Plagiorhegma) + 
[] [] Ranzania 
U O О Leonticaceae О 0 Gymnospermium + + + 
[] [] Leontice t 4+ + 
[] [] Caulophyllum + + + 
[] [] Bongardia + + + 
1. D D 0000;2. 0 :3. D 34.00 55. ; 6. 0;7. 
0;8. О 
1. isobenzylquinoline; 2. podophyllotoxin lignan; 3. triterpene saponin; 4. quinolizidine alkaloid; 5. icartin flavonoid; 6. 











ignan; 7. isocoumarin; 8. nandinin. 
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